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Abstract: This study investigated the effects of a plant growth- promoting rhizobacteria on 
soil treated with phosphogypsum (PG) as the mineral additive. The indigenous bacterial 
strain was isolated from PG polluted soil and identified as Bacillus megaterium, which is 
able to stimulate plant growth under heavy metals stress conditions. There were nine treated 
soils  with  three  replicates:  (1)  control  (without  PG  and  inoculums  (I)  application);  (2) 
control with inoculums (without PG application); (3) - (9) PG application (1, 2, 3, 4, 6, 8 
and 10%) equivalent to 10 - 220 t ha−1. The objectives of this study consisted on monitoring 
the  heavy  metals  levels  (Cu,  Fe,  Zn,  Mn)  in  the  body  of  soybean  (Glycine  max)  and 
evaluation of the human health risk. This work demonstrates that PG-BM30 coupling effect 
in the soil on seed germination, seedling growth, biomass accumulation and heavy metals 
bioaccumulation do not exhibit risk to human health. 
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1. INTRODUCTION 
 
Phytoremediation is an in situ biological treatment of soil contaminated with heavy metals and may include 
aspects such as phytoextraction and phytostabilisation of these metals into the soil. Bacillus megaterium is a 
promoting plant growth bacteria (PGPB) by rhizosphere symbiosis, and due to its ability to mobilize functional 
metals  like  Fe,  Cu,  Zn  and  Mn  by  phosphogypsum  (PG)  waste,  it  creates  the  phytoextraction  application 
potential as an ecological reconstruction technique for heavy metals polluted soil.  
 
Mobilization  and  immobilization  depend  on  many  soil  factors,  the  most  important  being  the  inter-relations 
between the elements from the environment and the microorganism activity in soil. Heavy metals toxicity for 
plants is manifesting during their growth, development, and yielding [1-4]. 
 
Copper is an essential nutrient, with multiple implications in biological systems. It plays key roles in respiratory 
electron transport chains and photosynthesis process, in root metabolism and oxidative stress protection. Also, 
copper activates some plant enzymes (ascorbatoxidase, cytochrome oxidase, poliphenoloxidase etc.) and is the 
key to elasticity in the plants. A high concentration can have strong cytotoxic effects like slowing the respiration 
and photosynthesis processes [5, 6], and inhibiting plant growth, which consequently leads to decrease in the 
plant biomass. 
 
Zinc  is  essential  for  many  plant  functions  because,  after  iron,  is  the  second  most  abundant  element  in  the 
composition of the enzyme, and it is the only metal that is found in all classes of enzymes EC 1-6. Zinc plays an 
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essential role in photosynthesis and production of carbohydrates, proteins synthesis, seed production, and also 
stimulates the growth of the plant and increases the efficiency of production [7, 8]. 
 
Physiologically,  manganese  participates  in  the  structure  of  photosynthetic  proteins  and  enzymes.  High 
concentrations  of  Mn  in  plant  tissues  can  affect  various  processes,  such  as  enzyme  activity,  absorption, 
translocation and utilization of other mineral elements (Mg, Ca, P and Fe), causing oxidative stress [9]. 
 
The aim of the present study was to investigate the phytotoxic effects and bioaccumulation of heavy metals in 
the  plant  Glycine  max.  The  results  of  this  investigation  have  implications  for  heavy  metal  ecotoxicology 
involved with the vegetable supply for food. 
 
 
2. EXPERIMENTAL SETUP 
 
2.1. Phosphogypsum analysis 
The soil for the plant culture was collected from Research and Vegetable Production Station of Bacau, Romania, 
from a lot designed for "Bio" crops, involving exclusively organic fertilizer. The soil was collected at 0-30 cm 
depth, air-dried, crushed, sieved through a 2 mm mesh, and bulked prior to the general characterization. Heavy 
metals  content  was  determined  using  atomic  absorption  spectrometry  (AAS).  Soil  pH  was  measured  using 
potentiometric method in a 1:2.5 (w/v) aqueous solution. The results of soil chemical analysis are presented in 
Table 1. 
 
Table 1. Chemical analysis of PG and soil samples [5]. 
Heavy metals (mg kg-1) 
  Cu  Cd  Co  Mn  Zn  Fe  Ni 
Normal concentration (mgkg-1)  1  1  15  900  100  -  20 
Alert limit  (mgkg-1) - according 
to Order 756/1997 
4  3  30  1500  300  -  75 
PG  45  0.5  2,5  7  212  1199  4 
Soil  14.6  not detected  not detected  103  25.17  632  not detected 
 
 
Soybean (Glycine max) seeds  cv.  Românesc 99  was obtained from the Research and Vegetable Production 
Station of Bacau, Romania, the variety being selected from the Official Catalogue of the crops from Romania in 
terms of distinctiveness, uniformity and stability, and in terms of agronomic value. 
 
2.2. Bacterial strain 
The bacterial strain (Bacillus megaterium) used was originated from the rhizospheres of PG dump area, it was 
identified and adapted to high grade  of PG concentration using serial subculturing, a protocol described by 
Stefanescu et al., 2011 [10]. In text, the adapted strain of Bacillus megaterium will be denoted as BM30. 
 
2.3 Inoculation procedure and plant growth 
The soil sample  was sterilized at 1210C for 2h. The aim of sterilization was to remove soil microorganism 
contribution, thus, only BM30 contribution being monitored. After sterilization, the soil was treated with PG in 
order to obtain of 0.5, 1, 2, 3, 4, 6, 8 and 10% additions. Soybean  was grown in experimental pots in the 
greenhouse. BM30 were grown in liquid mineral medium [10], and cell suspensions were adjusted to OD620 = 
0.08 that correspond to cell density approx. 107–108 cells mL-1. Seven seeds of soybean were sown per pot, and 
each pot was inoculated with 7 mL inoculum of BM30, so that for each seed correspond 108 CFU. The soil 
treatment was moistened with water and maintained at 70% of moisture holding capacity, at 22-250C and to a 
diurnal light—dark (LD) cycle of 16:8.  
 
2.4. Bioaccumulation of heavy metals in plant 
Thirty days after germination, soybean plants were rinsed with deionized water for 4–5 times, to remove surface 
adsorbed metal. Samples were dried for 96 h at 750C, were ground to a fine powder, weighed, and digested in 
HNO3/H2O2  (3:1  v/v)  mixture  using  a  microwave  oven  (Milestone  ETHOS  900).  The  amount  of  metal Journal of Engineering Studies and Research – Volume 20 (2014) No. 2                                        72 
 
accumulated by the soybean in each treatment with PG was determined using a FAAS analytical tool. Each 
experiment has been carried out in triplicate. 
 
2.5. Risk assessment 
The risk to human health resulting from consumption of soybean grown in a different sample soil sites was 
calculated by employing hazard quotient (HQ) [11]. HQ is the ratio between exposure and the reference oral 
dose (RfD). If the ratio is lower than one (1), there will be no obvious risk. An estimate of the potential hazard to 
human  health  (HQ)  through  consumption  of  vegetables  grown  in  metal-contaminated  soil  is  described  in 
Equation 1: 
 
𝐻?  =  ?𝑖𝑣  ×  ???𝑡𝑎?  
???  × ?𝑜    
        (1) 
 
where (Div) m ea ns the  daily   intake  o f  vegetables  (kg  per  day );  (Cmetal) means the concentration of metal in the 
vegetable (mg kg–1); RfD means the oral reference dose for the metal (mg kg–1 of body weight per day); Bo 
means the human body mass (kg); RfD is an estimate of a daily oral exposure for the human population [12]. 
 
2.6. Statistical analysis 
The data was analyzed for significance by two-way analysis of variance (ANOVA), using SPSS to identify 
significant differences (P < 0.05). Pearson‘s correlations (r) were calculated between bioavailable metal fractions 
with soil parameters (pH, CEC, OM) and also with total metal content in agricultural soil. Linear regressions 
were calculated between bioavailable metals in agricultural soil and metal content (mg kg−1 DM) in plant. All the 
statistical performances were done at significance level 0.05 by using SPSS version 14. 
 
 
3. RESULTS AND DISCUSSION 
 
3.1. Phosphogypsum and soil analysis 
The heavy metals content in PG and soil samples are presented in Table 1. As PG is almost insoluble in water at 
pH 7, FAAS analysis of the metals content in a non-mineralized PG sample is irrelevant and, therefore, in the 
present work investigations have been conducted in mineralized samples. 
 
Suitability assessment of soil amended with PG and inoculated with Bacillus megaterium includes estimation of 
pH, electric conductivity (EC) and dissolved solids (TDS). Measurements of pH, TDS and EC were made at 2 
hours after the constitution of the sample and at the end of the vegetation period (30 days). Inoculation of BM30 
caused a decrease in the pH value and an increase of EC and TDS in proportion with the amount of PG added. 
Table 2 shows the variability of these parameters, together with their standard deviation (± SD) in soil samples 
not inoculated with BM30 (M), soil samples inoculated with BM30 (M + I) and in the soil samples inoculated 
with PG according to the experimental protocol (Table 2). 
 
Table 2. The variation of the parameters pH, EC, TDS prior to planting (2H) and after the time of harvest (30 
days) (mean ± SD). 
Sample code  PG added (%) 
2 hours  30 days 
pH  EC  TDS  pH  EC  TDS 
  mS cm-1  mg L-1    mS cm-1  mg L-1 
M  0  6.80±0.015  0.27±0.001  134±0.58  6.50±0.015  0.35±0.006  167±0.58 
M+I  0  6.60±0.019  0.11±0.001  91±1.00  5.91±0.017  0.16±0.001  77±1.53 
M+I+0.5  0.5  5.88±0.022  0.31±0.001  140±1.53  4.97±0.019  2.62±0.011  1316±5.51 
M+I+1  1  5.87±0.021  0.32±0.000  148±2.52  4.92±0.018  2.61±0.009  1328±4.93 
M+I+2  2  5.78±0.013  0.36±0.001  153±1.53  4.84±0.011  2.57±0.006  1213±2.08 
M+I+3  3  5.68±0.016  0.36±0.001  157±3.06  4.78±0.014  2.52±0.008  1269±3.79 
M+I+4  4  5.59±0.021  0.40±0.029  160±2.65  4.71±0.018  2.51±0.010  1295±1.15 
M+I+5  5  5.55±0.024  0.41±0.002  163±4.16  4.69±0.017  2.49±0.009  1269±4.93 
M+I+6  6  5.42±0.012  0.41±0.001  171±2.65  4.52±0.013  2.78±0.008  1412±4.93 
M+I+8  8  5.33±0.016  0.43±0.006  168±5.03  4.43±0.012  2.84±0.008  1441±9.85 
M+I+10  10  5.06±0.019  0.45±0.002  182±3.51  4.41±0.015  2.97±0.012  1508±11.24 
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The increase in EC and TDS is significant to the end of the vegetation period compared to the initial time (r = 
0.999, p<0.01), the data showing a dependence of these values with the increase of the concentrations of the 
added PG. The decrease of pH in soil samples contaminated with PG compared to the uncontaminated soil 
samples by one unit from the initial time (r = -0.994; p<0.01)  and over two units after 30 days (r = -0.979; 
p<0.01) (Figure 1) proved a cumulative interaction of BM30 with metabolic processes in the rhizosphere. 
 
 
Fig. 1. Variation of pH values in time in contaminated soils with PG and sample inoculated with BM30. 
 
The response can be attributed to the secretion of the proton, organic acids and amino acid formed as a result of 
BM30 metabolism. Bacillus megaterium is known as one of the main exo-protein, exo- amino acids and exo-
enzymes producing bacteria [13, 14], thus contributing actively to the adsorption processes in the root zone. 
 
On the other hand, the decrease of the pH value determines the increase availability of nutrients in the solution 
soil, thus resulting an increase of EC and TDS (Figure 2). 
 
 
 
 
Fig. 2. Initial (2h) and final (30 days) variation of EC and TDS in samples contaminated with PG  
and in sample inoculated with BM30 soils. 
 
3.2. Effect of PG-BM30 contribution on seed germination 
In this study, it was observed that seed germination was influenced by the simultaneous action of BM30 strain 
and PG additions. Seed germination was monitored over seven days, Figure 3 showing the contribution of BM30 
at germination rate compared to the control sample. The PG toxicity was evaluated by its influence on seed 
germination (Figure 3). Seed germination rate of the soybean was stimulated as PG concentrations increased to 
6. The rate of seed germination of soybean plants was notably affected under the inoculation with BM30 (M+I) 
compared  to  the  control  (M).  When  the  Pb  concentration  increased  up  6%,  the  germination  rate  decreased 
compared to control inoculated sample (M+I). The germination rate of soybean was increased by 85.7% as 
compared  to  control  inoculated  sample  (M+I)  (42.8%)  and  control  sample  (M)  (28.6%).  In  addition,  the 
germination rate was reduced by 47.6% for PG concentration exceeding 6%. 
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3.3. Effect of PG-BM30 contribution on seedling growth 
After 30 days, height of plants in control samples (M) and control inoculated samples (M+I) was found lower as 
compared to those amended with PG. It is observed that maximum growth occurs up to 6%. The concentrations 
that exceed 6%, are producing an inhibitory effect on plant height (Figure 4). In this case, reduction in plant 
height may be attributed to prolonged exposure of soybean plants to a higher concentration of PG. Increase in 
plant height was observed proportionally with the increase in concentration of PG. 
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Fig. 3. Effect of PG-BM30 contribution on seed germination of the soybean plant. 
 
   
Fig. 4. Effect of PG-BM30 contribution on height 
of plants. 
Fig. 5. Effect of PG-BM30 contribution on dry matter 
content. 
 
Dry matter content (DMC, the ratio of dry mass to fresh mass) is an important parameter in plant ecology, as it is 
associated  with  many critical aspects of plant growth and survival  [15, 16]. The DMC value expresses the 
relation  between  rapid  biomass  production  and  efficient  conservation  of  nutrients.  A  lower  value  (to  0.3) 
expresses a great efficiency in conservation of nutrients and a higher value (over 0.3) expresses a rapid biomass 
production. In this case, for all treatments, the values of DMC are less than 0.3, indicating a good accumulation 
of nutrients (Figure 5). It can be seen that the maximum DMC is obtained for 3% PG added. These results 
demonstrate that PG-BM30 dose can be optimized to contribute to a better growth. 
 
3.4. Bioaccumulation of heavy metals in plant 
The heavy metals concentration in soil amended with PG and in biomass is presented in Figure 6. 
 
Cu concentrations in soybean plants were significantly lower (r = 0.84, p<0.05) when grown in PG amended soil 
as compared to those grown in not amended ones. Zn showed a reverse trend of higher concentration (r = 0.95, 
p<0.05), demonstrating that Zn uptake in plants increased with increasing PG amendment ratios. Fe and Mn 
concentrations  are  significantly  higher  in  plants  grown  on  amended  with  PG  by  3%,  then  the  metals 
concentration decrease to comparable value of control (M) and (M+I). The increase in heavy metal uptake in 
plants due to PG amendment was highest for Fe followed by Zn, Cu and Mn. 
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3.5. Risk assessment 
For the calculation of hazard quotient (HQ), the RfD values indicated by Integrated Risk Information System 
[11, 12, 17] were used. These values are generally used in EPA’s noncancer health assessments because they do 
not cause deleterious effects during a lifetime. The RfD values used are: Cu (1.1 mg kg-1), Fe (1.6 mg kg-1), Mn 
(0.14 mg kg-1) respectively Zn (0.91 mg kg-1).  
 
The recommended daily intake of vegetables and fruits (Div) used in HD equation was 0.4 kg day-1[18]. The 
average Bo was considered 70 kg for adults [17]. The required amount of vegetables in our daily diet as 100 g 
per person has been suggested by WHO guideline [18, 19]. The results of the hazard quotient are summarized in 
Table 3. 
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Fig. 6. Heavy metals concentration in soil amended with PG and in biomass. 
 
Table 3. Values of Hazard Quotients. 
Heavy metal  Cu  Mn  Zn  Fe 
Recommended 
dose  1.3-1.9  2-5  10-15  14 
RfD  0.04  0.02  0.3  0.7 
Sample code  HQ  DI  DIR  RfDi  HQ  DI  DIR  RfDi  HQ  DI  DIR  RfDi  HQ  DI  DIR  RfDi 
M  0.17  0.47  24.91  0.002  0.78  1.10  21.94  0.31  0.12  2.45  16.31  0.035  0.20  9.73  69.53  0.139 
M+I  0.16  0.45  23.78  0.002  0.72  1.01  20.15  0.29  0.08  1.68  11.20  0.024  0.10  4.72  33.70  0.067 
M+I+0.5%  0.14  0.38  19.96  0.002  0.59  0.82  16.41  0.23  0.07  1.46  9.75  0.021  0.29  4.40  102.89  0.206 
M+I+1%  0.10  0.28  14.54  0.001  0.53  0.74  14.74  0.21  0.04  0.88  5.88  0.013  0.43  20.98  149.82  0.300 
M+I+2%  0.11  0.30  15.71  0.002  0.74  1.03  20.60  0.29  0.05  1.02  6.81  0.015  0.63  30.95  221.05  0.442 
M+I+3%  0.10  0.28  14.79  0.001  0.74  1.03  20.66  0.30  0.05  1.03  6.84  0.015  0.37  18.23  130.22  0.260 
M+I+4%  0.10  0.28  14.53  0.001  0.47  0.65  13.09  0.19  0.06  1.18  7.89  0.017  0.15  7.31  52.22  0.104 
M+I+6%  0.09  0.24  12.54  0.001  0.38  0.53  10.65  0.15  0.05  1.05  7.03  0.015  0.15  7.42  52.98  0.106 
M+I+8%  0.12  0.33  17.19  0.002  0.69  0.96  19.24  0.27  0.09  1.83  12.21  0.026  0.29  14.41  102.95  0.206 
M+I+10%  0.14  0.39  20.27  0.002  0.66  0.93  18.54  0.26  0.15  0.81  5.39  0.012  0.32  15.83  113.08  0.226 
where:  
HQ means Hazard quotient; 
DI means Daily intake (mg day-1); 
DIR means Dairy intake ratio (% day-1); 
RfDi means Oral observed dose for the metal (mg kg–1 of body weight per day). 
 
The daily intake of Cu was estimated between 0.28 and 0.47 mg, which represent approximately 17.8%, and 
RfDi does not exceed the oral reference dose for the metal. Similar results were obtained for Mn and Zn. Fe is 
the only metal that exceeds the daily intake ratio for nearly all treatments with PG.  
 Journal of Engineering Studies and Research – Volume 20 (2014) No. 2                                        76 
 
4. CONCLUSION 
 
The metal concentrations in soybean crops grown in PG amended soil and inoculated with BM30 do not reveal a 
toxicological risk for a potential consumer. For our particular samples, the seed quality parameters, the height of 
plants and biomass accumulation were not affected by a higher metal content, reflecting the conclusion that no 
relationship exists between physiological or morphological quality and toxic metal accumulation. 
 
Significant differences were found in the physical (pH, EC, TDS) parameters between the initial time and at the 
end of the vegetation period (30 days), results that can be explained by BM30 contribution. BM30 secretes exo-
protein, exo- amino acids and exo-enzymes, thus contributing actively to the adsorption processes in the root 
zone assuring efficient conservation of nutrients. 
 
The Hazard Quotient (HQ) for, Cu, Mn, Zn and Fe were estimated at 0.513, 1.558, 1.051 respectively 0.462. The 
HQ  values  for  all  the  elements  and  all  treatments  with  PG  do  not  exceed  the  estimated  values,  which  are 
considered safe for human health.  
 
Finally, considering the bioaccumulation and  magnification of toxic heavy  metals in the soybean plant, the 
potential risk of consuming foods that are soybean derivatives should be taken into account in future research. 
For instant, PG-BM30 coupling effect in the soil on seed germination, seedling growth, biomass accumulation 
and heavy metals bioaccumulation do not exhibit risk to human health. 
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